W
hile electricity is central to our daily lives, it remains "black box" technology to most students. They know that electricity is produced somewhere and that it costs money, but they do not have personal experience with the operation and scale of the machines that provide it. Fortunately, electricity generation can be added to the more basic circuit topics (series, parallel, current, voltage, etc.) with only a small investment in equipment. Providing students with hands-on experience with small power sources will help them make wise decisions about electricity.
Many tabletop electricity sources can be demonstrated in the classroom. These include conventional batteries, photovoltaic cells, and hand-cranked generators, as well as electrochemical cells 1 and generators made from simple materials. 2 To understand a power source, it is important to learn how it performs when connected to different loads. This can be done with either a continuously variable resistor (potentiometer) or a resistor box. In addition to the power source and the load (the variable resistance), a voltmeter and/or a current meter can be used to determine the power dissipated in the load. Figure 1 shows the dc current and power produced by a Genecon hand-cranked generator connected to an Elenco RS-500 resistance box and a voltmeter. For various resistance values, the generator was cranked and the maximum power was recorded. It is clear from the graphs that there is a maximum amount of power available from a small electricity source. Note that in Fig. 1(b) , as the load resistance is increased, the output voltage increases while the output power decreases. This is an important point because it is much more useful to compare the power output of different generators rather than their voltage output.
Notice that the voltage-current graph of the generator has a negative slope and does not intersect the origin, which is typical of power sources. In contrast, voltage-current graphs of electrical loads (resistors, light bulbs, motors) typically have positive slopes and intersect the origin. For example, the curve for an ideal resistor obeying Ohm's law will be a straight line.
To better display how electricity is generated, a generator was built from simple materials (Fig. 2) . It was made from a salad spinner that has magnets with alternating polarity taped to the rotating basket and a 300-turn coil of wire taped to the bowl. Figure 3 shows the ac current and power output values for this generator, which are much lower than for the commercially available generator represented in Fig. 1 . However, this made-from-scratch generator has the advantage that its components are more visible and easier to understand.
Using variable resistances to analyze other power sources, such as photovoltaics, power supplies and electrochemical cells, is also productive. However, care should be taken when connecting any battery to a small resistance load since the battery is likely to heat. This will influence the performance of the battery and could cause a safety problem.
After analyzing tabletop electricity sources, it is then very straightforward to compare the power values with the electricity power values that students encounter in their daily lives. Table I compares the outputs of the electricity generators described above with the approximate electricity usage of a typical household (1000 Watts), setting aside issues such as ac-dc conversion and other losses. From this table it is clear that the power sources that provide household electricity must be orders of magnitude larger than the sources described above. Note that without the variable resistance, it is not possible to determine the maximum power available from an electricity source. However, armed with the understanding that watts produced on a tabletop can be compared to the watts produced by Fig. 2 . Made-from-scratch generator where magnets are attached to the rotating bowl of a salad spinner and a 300-turn coil is attached to the stationary outer bowl. When cranked, the generator provides more than enough power to light up an LED. commercial power generators, students can better understand the scale of today's power issues.
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